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ABSTRACT
Spectral overlap between urban and rural land use/land
cover categories can lead to unacceptable map accuracy levels
in the classification of Landsat multispectral scanner (MSS)
data. The four MSS bands used alone are not always adequate
to distinguish among various land uses and cover types having
similar spectral responses. This study investigates the use
of thermal data from the Heat Capacity Mapping Mission (HCMM)
satellite as a means of improving MSS land cover classifica-
tion accuracies for urban versus rural categories.
1. INTRODUCTION
The Heat Capacity Mapping Mission (HCMM) satellite was
launched on April 26, 1978 to acquire thermal and reflectance
data for potential applications in a variety of disciplines.
A number of investigators have reported on the utility of the
data for discriminating geologic types (Cole and Edmiston,
1980), mapping soil moisture (Reginato et al., 1976; Kocin,
1979K measuring plant canopy temperatures (Harlan et al.,
1981; Wiegand et al., 1981), and studying patterns of thermal
circulation in large water bodies (Schowengerdt, 1982).
While the potential for using satellite-acquired thermal data
to detect and study urban heat islands has been explored by
Carlson et al. (1977), Matson et al. (1978), Price (1979),
and Rao (1972), there has been no practical application of
HCMM data to delineate urban areas using digital classifica-
tion techniques. This paper documents classification proce-
dures for using HCMM data along with Landsat MSS data in order
to improve the separability of urban and non-urban areas.
2. DESCRIPTION OF THE HCMM SATELLITE AND DATA
The HCMM satellite, whose mission lasted until October
1980, carried a two-channel radiometer to sense emitted data
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Ln a thermal infrared (IR) "band (10.5-12.5x/m) and reflected
data in a visible band ( .5-1 •! xi/m). The thermal channel's
NEAT is 0.3*^  at 280°K, with a nominal spatial resolution of
600 meters at nadir for both bands. The three types of data
obtained by HCMM were reflectance and infrared data during a
daytime pass, and infrared data at night. Thermal inertia
and temperature difference (day minus night) data were also
calculated. These data sets are available individually or as
registered day/night pairs in image format and on computer-
compatible tapes (CCTs).
The HCMM satellite thermal sensor was calibrated at
launch to measure a range of temperature values between 260°K
and 3^0 K (-13°C to 6?°C, or 8.6^ F to 152.6°F) . With an
eight-bit (0-255) configuration, the sensitivity of the ther-
mal channel is such that HCMM was capable of measuring .3°K'
or less than . 6°F changes in temperature. This high thermal
sensitivity suggests that it should be possible to differen-
tiate between relatively dense man-made materials and surfaces,
and natural cover types, vegetation and water, on the basis of
their relative emissivities.
3- RATIONALE FOR COMBINED CLASSIFICATION
This study was an extension of a land use/land cover
change detection project conducted by the Eastern Regional
Remote Sensing Applications Center (ERRSAC) of NASA/Goddard
Space Flight Center, and the Ohio Environmental Planning A-
gency/Office of the Planning Coordinator (EPA/OPC). Clark
County, a largely agricultural county in west-central Ohio,
was the area selected for classification of two MSS data sets.
The city of Springfield (population 70,000) and two other
large towns are the only extensive urban developments within
Clark County. When the initial classifications of MSS data,
both unsupervised and supervised, failed to distinguish be-
tween commercial-industrial areas and bare agricultural lands,
as well as lower density residential areas and cropland, a
decision was made to integrate HCMM thermal data. The under-
lying assumption made was that the emitted temperatures as-
sociated with urban land uses are generally higher than those
of surrounding rural land covers, and that this dichotomy
would allow urban areas to be delineated on the basis of
characteristic temperature differences.
The data sources used included the following:
- Landsat MSS scenes imaged on 2 June 197^  and 26 May 1977-
- HCMM digital data sets (daytime thermal IR and visible)
acquired 12 March 1979.
Ohio Department of Natural Resources (ODNR), Ohio Capa-
bility Analysis Program (OCAP) 1:2^ ,000 scale level I
land use map of Clark County.
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- U. S. Geological Survey 7-51 topographic quadrangle
maps of Clark County.
- Aerial photography at 1:60;000, 1:30,000, and 1:24-,000
scales for portions of Clark County.
The OCAP level I (Anderson et al., 1976) land use map repre-
sented the existing land use classification encoded in the
State's data base, and was used as the main source of ground
truth information in carrying out the accuracy assessment.
^. PROCEDURES
Three classifications were developed in order to compare
how the addition of HCMM data influenced the map accuracy of
the results. A classification of the two MSS scenes covering
Clark County was the first stage of the study. Unsupervised
signatures were developed by using a clustering technique,
and supervised signatures were derived by selecting training
sites. The final signatures were input to a maximum likeli-
hood classifier to produce classifications of the entire
County. When the results did not prove satisfactory, it was
found that changing or eliminating certain ambiguous signa-
tures did not lead to significant improvement.
Two general approaches, referred to herein as the masking
and merging techniques, were used to integrate the HCMM data.
With the masking technique, HCMM thermal data were density
sliced to create binary masks representing urban/non-urban
areas of the image. The 'urban1 and 'rural' masks then were
multiplied by the raw MSS data set to create two complemen-
tary images. These were classified using separate sets of
signatures, and the resulting images were recombined to form
the final classification. In the merging technique, two HCMM
bands (day infrared and visible) were combined with the four
MSS bands, and a subset of the merged data set was input for
unsupervised clustering. The resulting 6^ clusters were la-
belled, and the same maximum likelihood algorithm was applied
to the entire image in the final classification. Throughout
this paper, the three techniques are referred_to as the MSS
only, MSS-HCMM masked, and the MSS-HCMM merged classifications,
*K1. MSS Only Classification
Subsections of the geocorrected Landsat data sets for
the Clark County study area were sent to the Ohio EPA/OPC.
The agency analyzed the digital Landsat data by using the
ORSER-OCCULT software package. The OCCULT software is a user-
friendly and conversational system for utilizing the ORSER
software and its modifications. The ORSER-OCCULT package in-
cludes a series of analytical routines which are used to
develop signatures (sets of means and standard deviations)
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from known, uniform areas in the subscene, and classifies the
entire study area based on these signatures.
Classification results were modified by using progress-
ively refined signatures to achieve a classification compar-
able to the ground truth information. The training site sta-
tistics developed by the Ohio EPA/OPC were sent to ERRSAC for
classification there with the Interactive Digital Image Mani-
pulation System (IDIMS) software on a Hewlett-Packard (HP)
3000 computer. Using these signatures, the entire subscene
was classified with a maximum likelihood algorithm to dupli-
cate the classification at ERRSAC. All spectral classes were
renumbered to the six land use/land cover categories and re-
classified to smooth out single-pixel discrepancies.
Visual inspection of this classified image found unaccep-
table rates of confusion between urban areas and bare fields
that were being classified mistakenly as either commercial-
industrial or residential.land use. The first means of cor-
recting this problem was to attempt a minimum distance
classification. Critical limits were raised for agricul-
ture/bare soils signatures and, when this did not result in
significant improvement, limits for commercial-industrial and
residential signatures were lowered. These changes had little
effect on the classification. All signatures were then evalu-
ated individually to detect and discard those which were caus-
ing the most confusion. The resulting classification still
showed no major improvement, and the MSS only classified image
did not undergo any further refinement.
•^.2. MSS-HCMM Masked Classification
Data from the HCMM satellite, scene ID AA0320-18200
(image center at N39 55' and W82 15'; sun elevation of ^5 )i
were received from the National Space Science Data Center at
Goddard Space Flight Center. Both data sets acquired, day
thermal infrared (day IR; 10.5-12.5 m) and day visible (day
VIS; 0.5-1-1 m), were taken simultaneously at about 1:30 in
the afternoon, the time of maximum surface temperature. The
image quality was good, and though there was ten per cent
cloud cover, no clouds or haze obscured the study area. The
digital images came registered to one another, but not to any
map base. Thus the images had to be registered to available
maps of the study area, and resampled using a nearest neigh-
bor procedure to overlay the MSS data at the same scale and
pixel size (50 meters). Appropriate subsets corresponding tc
the MSS image of the study area were created. After doing a
contrast stretch of both the infrared and visible bands to
the fullest range possible, it was determined that the thermal
band offered better definition of urban areas when compared
with maps of Clark County. Therefore, the thermal image was
selected to be used in developing the binary urban and rural
masks.
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The binary image was created by mapping the thermal IR
data set to desired levels. A stochastic method was employed
to determine the threshold which represented the "boundary be-
tween the higher emissivity of warmer, urban areas, and the
lower emissivity of cooler, non-urban areas. All digital
values above this level were mapped (that is, renumbered) to
one, and all digital values at this level and below were
mapped to zero. After repeated experimentation with the map-
ping, the values ^6 and below were mapped to zero and the
values ^7 and above were mapped to one, creating an urban
area mask. The rural area mask was complementary to the lat-
ter image; it was obtained by mapping 0 1 values to 1 0
values. These masks were used to create complementary MSS
images representing urban and non-urban areas. Each of the
four MSS bands was multiplied by the urban mask and then
united to form a masked MSS image representing only urban
areas. Similarly utilizing the MSS image and the non-urban
mask, a masked MSS image representing rural areas was formed.
Separate groups of signatures were used to classify the
'urban1 and 'rural' data sets. The urban group of signatures
included commercial-industrial, residential, agriculture,
forest and water signatures (all except bare soil), while the
rural group included agriculture, bare soil, forest and water.
No pixels in the rural image could be classified as commercial-
industrial or residential, thus eliminating some small towns
and low-density suburban areas. However, urban areas did en-
compass some farmland and parkland, which were classified cor-
rectly as agriculture in the broad sense.
After the 'urban' and 'rural' images were classified
separately using a minimum distance algorithm with modified
threshold limits for all signatures, three additional steps
were necessary to complete the classification. Each of the
classified images was renumbered to reflect the final number
of land use/land cover categories, the complementary images
were added together, and the united classification was reclas-
sified to smooth out single-pixel discrepancies.
.^3. MSS-HCMM Merged Classification
The third classification was generated from a Landsat
MSS-HCMM merged data set. The registered and resampled HCMM
subscene was united with the MSS subscene to form a six-band
image, containing four MSS bands and two HCMM bands (day IR
and visible). Unsupervised signatures were developed from a
representative test area using a clustering technique. These
signatures then were applied to the entire study area using a
maximum likelihood classifier. The spectral classes were la-
belled as the same six land use/land cover categories in the
other two classifications. The classified image was renum-
bered and reclassified as previously described, thus complet-
ing the processing phase of the study.
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4.4. Accuracy Assessment Procedures
The accuracy assessment was conducted by comparing land
cover maps from the three classifications with the 1:24,000
scale OCAP land use map of level I categories. Three U.S.G.S.
quadrangles in central Clark County - Springfield, New Moore-
field, and Donnelsville - were selected for this procedure.
Thematic grayscale overlays of each classification were output
on a Versatec plotter at the same scale to facilitate the com-
parison.
Each of the thematic overlays (one per quad for three
classifications, or a total of nine) was registered to the
OCAP land use map on a light table. A grid with a cell size
of 25 pixels (5x5 pixel blocks) was superimposed on the maps,
and numbered along its x and y axes. Using a random numbers
table, 50 cells were sampled on each overlay and compared
with the ground truth map on a pixel-by-pixel basis. A count
of the number of correct and incorrect pixels was kept; these
results are presented in Tables I and II.
Because the Landsat and OCAP categories were not identi-
cal, some categories were combined for the accuracy assessment,
The Landsat commercial-industrial and residential categories
were combined so that they could be compared with urban/built-
up and barren land categories in OCAP. The agriculture and
bare soil categories (Landsat) also were added together and
compared with OCAP's combined agriculture and rangeland.
Forest and wetlands were combined (OCAP) and compared with
forest in Landsat. The remaining level I category was water;
thus it was possible to compare four general land cover types.
5. RESULTS
The results of the three classification procedures are
presented below in two tables. Table I compares the classi-
fication acreage counts for the four level I categories with
the ground truth acreages from OCAP, for the total area of
the three 7-5' quads on which the accuracy assessment was con-
ducted. Table II shows the percentage of agreement derived
from the accuracy assessment, again for all categories and
the three quads totalled.
From the first table it can be seen that the MSS-HCMM
merged classification comes closest to estimating the actual
extent of urban and agricultural lands, according to the OCAP
information. Only the forest category is overestimated, and
this may be a result of cluster mislabelling. It became evi-
dent during the accuracy assessment that many pixels classi-
fied as forest on the HCMM merged classification should have
been agriculture or urban instead. If this problem were to
be corrected, the agreement between the OCAP and HCMM merged
acreages would be even greater.
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Table I: ACREAGE COUNTS BY CLASSIFICATION
Level I
Category
Urban
Agric
Forest
Water
Unclas.
Totals
MSS only
(1977)
30706
20%
67101
61.1%
74-30
6.8%
2026
1.0%
2537
2.3J8
109800
HCMM masked
(1977-79)
11958
10.995
8904-3
01.1%
6804-
6.2%
1997
1.8%
7
—
109802
HCMM merged
(1977-79)
17985
16. 4$
75278
68.6%
14-545
13- 2%
1993
1.8%
-
_
109801
OCAP
(1979)
19834-
18.1%
78524-
71. 5#
84-82
7.7%
294-2
2.7%
-
-
109782
Conversely, in terms of locational accuracy, the HCMM
merged classification delineated forest better than the other
techniques (56-3 per cent, as opposed to 52.9 per cent and
37.7 per cent for the MSS only and HCMM masked classifica-
tions) . This reflects a low rate of omission errors and a
high rate of commission errors for the forest category, which
led to decreased locational accuracies for the urban and agri-
cultural categories in the MSS-HCMM merged classification.
In general, however, the MSS-HCMM merged classification had
the virtues of the other two classifications without the
faults of either. It provided more highly correlated esti-
mates of urban and agricultural lands, and locational accura-
cies as good as or better than the MSS only classification.
The other fact that emerges from the comparison of acre-
age counts is that the HCMM masked classification underesti-
mates urban land and overestimates agricultural land by ap-
proximately the same amounts that the MSS only classification
does the reverse. For urban land, the HCMM masked estimate
is 7-2 per cent low and the MSS only estimate is 9-9 per cent
high; while for agriculture the MSS only estimate is 10.4- per
cent low and the HCMM masked estimate is 9.6 per cent high.
This is the result of a fairly indiscriminant urban classifi-
cation with the MSS data (high rates of bare soil being clas-
sified as commercial-industrial, and cropped fields being
mapped as residential areas), and a very restrictive urban
classification on the HCMM masked image. There were very few
51
61.8
82.0
52.9
81.4
60.0
84.0
56.3
89.1
65.7
87-9
37-7
81.6
errors of commission in the urban category for the HCMM masked
classification as a result (see Witt and Sekhon, 1982). The
fact that only areas within the urban mask could be classified
as commercial-industrial or residential led to the relatively
high locational accuracies for urban (65.? per cent) and agri-
culture (87.9 per cent) on the HCMM masked classification.
Table II: ACCURACY ASSESSMENT RESULTS
Level I Classification Percentage Correct*
Category MSS only HCMM merged HCMM masked
Urban
Agric.
Forest
Water
Totals 73-8 76.1 79-6
(•^calculated as 100$ minus the average of commission and
omission errors)
Thus, the MSS-HCMM masked classification had the highest over-
all per-pixel accuracy for the three 7'5' quadrangles checked,
while the MSS-HCMM merged classification better represented
overall acreage totals for the two principal categories as-
sessed. Furthermore, the MSS-HCMM merged classification was
clearly superior in terms of locational accuracy for the for-
est and water categories, while the MSS only classification
included more than 2 per cent unclassified data.
6. CONCLUSIONS
The addition of HCMM thermal day infrared (and visible)
data to the MSS classification did lead to better results in
map accuracy for level I land use/land cover categories. Al-
though neither the masking nor the merging procedure led to
dramatic increases in classification accuracy, both techniques
show potential for improved delineation of urban land from
surrounding non-urbanized areas.
The masking technique was more effective in delineating
the city of Springfield and larger towns, while excluding
small towns and linear developments which were below the spa-
tial resolution of the HCMM sensor. Thus, small communities
which were not -"bright" or warm enough to saturate a single/
multiple HCMM pixels could not be classified as urban using
the binary masking (urban/rural stratification) technique.
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On the other hand, the merging technique relied on the
thermal information that was added directly to the classifica-
tion of every MSS pixel. Obviously, large blocks within the
MSS data set had the same thermal value due to the coarser
resolution of HCMM, but variation of the four MSS bands was
enough to eliminate any appearance of blockiness in the final
classified image. The clustering method by which the merged,
classification was executed allowed smaller towns and major
transportation corridors to be properly labelled as urban
even if they were below the HCMM spatial resolution. There
was still some confusion, however, between urban and rural
land cover categories associated with the cluster labelling
process, which resulted in locational accuracies lower than
those anticipated by the researchers.
It may be possible to further improve classification re-
sults by using a hybrid procedure incorporating both tech-
niques. In this procedure, a binary (urban/non-urban) image
would be created first from the HCMM thermal data. After
multiplying the binary image with the merged MSS-HCMM data
set, the resulting 'urban' and 'rural1 six-banded images would
be subjected to separate clustering and cluster labelling.
The classification process then would reflect a bias toward
urban land uses within the 'urban' image, and non-urban land
covers within the "rural1 image.
6.2. Additional Research
Future research relating to the integration of HCMM and
MSS data for improved classification results should focus on
several key topics. More work needs to be done to determine
optimal conditions under which to employ HCMM data for urban
area delineation. This probably is dependent not only on the
density and extent of the particular urban area, but on such
factors as the time of year of the HCMM and MSS images, atmos-
pheric conditions on a given day, and the types of vegetation
present in the surrounding area. Some combination of these
factors may determine whether it is appropriate to utilize
HCMM data for delineating various types of urban areas, or
whether (for example) the analysis would profit more from
the digitization of urban area boundaries.
Research is now being carried out to test the radiometric
stability of HCMM data for the same scene from date to date.
Because of the problems with the absolute calibration of the
HCMM thermal sensor, the non-experimental usage of HCMM ther-
mal data has been subject to question. If it can be proven
that there is little variation in sensor performance over time,
it is expected that the use of HCMM thermal data for the type
of application discussed above might become more widely ac-
cepted.
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